Following a request from the European Commission, the EFSA Panel on Additives and Products or Substances used in Animal Feed (FEEDAP) was asked to deliver a scientific opinion on the safety and efficacy of 18 compounds belonging to chemical group 14 (furfuryl and furan derivatives with and without additional side-chain substituents and heteroatoms). They are currently authorised as flavours in food. This opinion concerns 13 compounds from this group. The FEEDAP Panel concludes that all compounds except 5-methylfurfural are safe at the proposed maximum use level for all animal species: furfural and furfuryl alcohol at 5 mg/kg complete feed; methyl 2-furoate and furfuryl acetate at 0.5 mg/kg complete feed; bis-(2-methyl-3-furyl) disulfide, furanmethanethiol, S-furfuryl acetothioate, difurfuryl disulfide, methyl furfuryl sulfide, 2-methylfuran-3-thiol, methyl furfuryl disulfide and methyl 2-methyl-3-furyl disulfide at 0.05 mg/kg complete feed. 5-Methylfurfural is safe at the proposed use level of 0.5 mg/kg complete feed for cattle, salmonids and non-food producing animals and at the use level of 0.3 mg/kg complete feed for pigs and poultry. No safety concern would arise for the consumer from the use of these compounds up to the highest safe level in feeds. Hazards for skin and eye contact and respiratory exposure are recognised for the majority of the compounds under application. Most are classified as irritating to the respiratory system. The concentrations considered safe for the target species are unlikely to have detrimental effects on the terrestrial and freshwater environments. Since all the compounds under assessment are used in food as flavourings, and their function in feed is essentially the same as that in food, no further demonstration of efficacy is necessary. In the absence of data on the stability in water for drinking, the FEEDAP Panel is unable to conclude on the safety or efficacy of the substances under this mode of delivery.
Introduction
Background and Terms of Reference 1.1.
Regulation (EC) No 1831/2003
1 establishes the rules governing the Community authorisation of additives for use in animal nutrition. In particular, Article 4(1) of that Regulation lays down that any person seeking authorisation for a feed additive or for a new use of a feed additive shall submit an application in accordance with Article 7, in addition, Article 10(2) of that Regulation also specifies that for existing products within the meaning of Article 10(1), an application shall be submitted in accordance with Article 7, within a maximum of 7 years after the entry into force of this Regulation.
The European Commission received a request from Feed Flavourings Authorisation Consortium European Economic Interest Grouping (FFAC EEIG) 2 for authorisation of 18 substances belonging to chemical group (CG) 14, 3 when used as a feed additive for all animal species (category: sensory additives; functional group: flavourings). CG 14 for flavouring substances is defined in Commission Regulation (EC) No 1565/2000 4 as "furfuryl and furan derivatives with and without additional sidechain substituents and heteroatoms".
According to Article 7(1) of Regulation (EC) No 1831/2003, the Commission forwarded the application to the European Food Safety Authority (EFSA) as an application under Article 4(1) (authorisation of a feed additive or new use of a feed additive) and under Article 10(2) (re-evaluation of an authorised feed additive). EFSA received directly from the applicant the technical dossier in support of this application. The particulars and documents in support of the application were considered valid by EFSA as of 1 January 2010.
According to Article 8 of Regulation (EC) No 1831/2003, EFSA after verifying the particulars and documents submitted by the applicant, shall undertake an assessment in order to determine whether the feed additive complies with the conditions laid down in Article 5.
EFSA shall deliver an opinion on the safety for the target animals, consumer, user and the environment, and on the efficacy of the 5-methylfurfural, methyl 2-furoate, bis-(2-methyl-3-furyl) disulfide, furfural, furfuryl alcohol, furanmethanethiol, S-furfuryl acetothioate, difurfuryl disulfide, methyl furfuryl sulfide, 2-methylfuran-3-thiol, methyl furfuryl disulfide, methyl 2-methyl-3-furyl disulfide and furfuryl acetate, when used under the proposed conditions of use (see Section 3.1.3).
Additional information 1.2.
The present application concerns 18 compounds, all of which except 4-(2-furyl)but-3-en-2-one [The EU Flavour Information System (FLAVIS) Number 13.044], 2-acetylfuran [13.054], 2-pentylfuran [13.059] and difurfuryl ether [13.061] have been assessed by the Joint Food and Agriculture Organization of the United Nations (FAO)/World Health Organization (WHO) Expert Committee on Food Additives (JECFA; WHO, 2001 WHO, , 2002 WHO, , 2009 ) and were considered safe for use in food. A group acceptable daily intake (ADI) was set for methyl 2-furoate [13.002] , furfural [13.018] , furfuryl alcohol [13.019] and furfuryl acetate [13.128] .
Subsequently the EFSA Panel on Food Additive, Flavourings, Processing Aids and Materials in Contact with Food (CEF) considered the same compounds for use as food flavourings (EFSA, 2009; EFSA CEF Panel 2010a ,b, 2011a ,b,c, 2015 reaching the same overall conclusions except for difurfuryl sulfide [13.056] . For this compound and for 4-(2-furyl) The 13 compounds are currently listed in the European Union database of flavouring substances 5 and in the European Union Register of Feed Additives, respectively, and thus authorised for use in food and feed in the European Union. They have not been previously assessed by EFSA as feed additives.
Regulation (EC) No 429/2008
6 allows substances already approved for use in human food to be assessed with a more limited procedure than for other feed additives. However, the use of this procedure is always subject to the condition that food safety assessment is relevant to the use in feed.
2.
Data and Methodologies The FEEDAP Panel has sought to use the data provided by the applicant together with data from other sources, such as previous risk assessments by EFSA or other expert bodies, peer-reviewed scientific papers and experts' knowledge, to deliver the present output.
EFSA has verified the European Union Reference Laboratory (EURL) report as it relates to the methods used for the control of the aliphatic and aromatic hydrocarbons in animal feed. The Executive Summary of the EURL report can be found in Annex A. 
Assessment
Characterisation 3.1.
Characterisation of the flavouring additives
The molecular structures of the 13 additives under assessment are summarized in Figure 1 , their physico-chemical characteristics in Table 1 Potential contaminants are considered as part of the product specification and are monitored as part of the Hazard Analysis and Critical Control Point procedure applied by all consortium members. The parameters considered include residual solvents, heavy metals and other undesirable substances. However, no evidence of compliance was provided for these parameters.
Stability and homogeneity
A minimum shelf-life for 5-methyl furfural [13.001], furfural [13.018] and methyl 2-methyl-3-furyl disulfide [13.079] is stated to be 6 months. The shelf-life for the remaining 10 compounds under assessment is from 12 to 24 months when stored in closed containers under the recommended conditions. This assessment is made on the basis of compliance with the original specification after storage.
Although no data are required for the stability of volatile additives in premixtures and feed, use in water for drinking introduces other issues relating to product stability, such as degradation due to microbial activity. The FEEDAP Panel notes that 6 of 13 compounds in CG 14 have low water solubility (Log K ow > 2), which makes it difficult to assess the safety in water for drinking. Considering this, and the absence of data on the short-term stability and homogeneity of the additives in water for drinking, the FEEDAP Panel is not in the position to conclude on the use of the additives in water for drinking.
Conditions of use
The applicant proposes the use of the 13 additives in feed or water for drinking for all animal species without withdrawal. In each case, the applicant proposes a normal use level and a high use level of five times the normal level in feed as shown in Table 3 . No proposals are made for the dose to be used in water for drinking. 
Safety 3.2.
The assessment of safety is based on the highest use level proposed by the applicant (see Table 3 ).
Absorption, distribution, metabolism and excretion (ADME) and residue studies
The metabolism of furfuryl derivatives has been described in rodents and humans (WHO, 2001; EFSA CEF Panel, 2010b) . Furfuryl esters are hydrolysed to furfuryl alcohol and the corresponding carboxylic acid. Furfuryl alcohol is subsequently oxidised to furfural and 2-furoic acid. Furoate esters are hydrolysed to 2-furoic acid and the corresponding alcohol. Furoic acid is excreted with urine as glycine conjugate after conversion to either furoyl-CoA or 2-furanacryloyl-CoA. 5-Methylfurfural is expected to follow similar metabolic pathways, i.e. oxidation and conjugation with glycine and alkyl oxidation.
Little is known about the specific metabolic pathways involved in metabolism of CG 14 compounds in livestock. Studies performed in hens (Jaffé and Cohn, cited by Pan and Fouts 1978) , rabbits and dogs (Clayton and Clayton, 1981-1982 , cited in the Hazardous Substances Data Bank, 2010 11 ) after oral administration of furfural were identified by the applicant. In excreta of hens, furan-α-carboxylic acid and the ornithine conjugate were identified; in dogs and rabbits, furoic acid, furoyl glycine and furfuracryluric acid were excreted. Thus, as for rat, mouse and human, for dogs and rabbits glycine plays an important role in the conjugation of furoic acid (metabolite of furfuryl alcohol/furfural) for urinary excretion. In birds, ornithine is the most common conjugating amino acid of carboxylic compounds and the scarce available studies show that furfural is eliminated as ornithine conjugate. In goats fed with a diet containing 0.65% furfural, almost all of the compound disappeared in the ruminal fluid after 60 min; furfuryl alcohol incubated in goat liver homogenate was converted to furfural and subsequently to furoic acid (Kyuma et al., 1991, in Japanese, with abstract in English) .
No metabolic studies in other target species could be found for the CG 14 compounds. Studies performed in several animal species (pigs, rabbits, pigeons, dogs and cats), showed that they preferentially conjugate carboxylic acids with glycine (Bridges et al., 1970) , whereas in the chicken ornithine substitutes for glycine. In goats and cattle, carboxylic acids are also mainly eliminated as glycine conjugates as demonstrated with orally administered salicylic acid (Short et al., 1990) . In aquatic species, carboxylic acids are preferentially eliminated after conjugation with taurine, but glycine can also be used (James, 1987) . Thus, the furoic acid formed by oxidation of furfuryl alcohol and similar compounds are expected to be conjugated and predominantly excreted in urine.
A tissue distribution study was performed in rats by Nomeir et al. (1992) with orally administered radiolabelled furfuryl alcohol and furfural, at doses up to 27.5 and 12.5 mg/kg bw, respectively. The maximum percentage of radioactivity recovered in tissues 72 h after administration of the compounds was 0.5% and 0.6% of the administered doses of furfuryl alcohol and furfural, respectively, being liver and kidney the organs with the highest concentrations of radioactivity (83-88% of the dose was excreted in urine in the same period). These data indicate that the furfuryl derivatives are extensively excreted and no appreciable deposition is expected in farm animals at the low dose levels proposed to be included in feed.
For the thiol compounds, it is assumed that the fate in the target species is similar to that occurring in experimental animals, that is, S-oxidation, S-methylation and fission of the disulfide bond proceeding to oxidation at the SH group of the resulting hydrolysed compounds (EFSA CEF Panel, 2010c).
Free thiols can directly react with endogenous sulfur-containing substances, e.g. glutathione and proteins, to form mixed disulfides, or alternatively with glucuronic acid to give thio-beta-D-glucuronide conjugates. Simple sulfides may undergo sulfur oxidation, leading to sulfoxides which are further converted into sulfones. S-Thioesters are rapidly hydrolysed by lipases and esterases forming the corresponding carboxylic acids and thiols (EFSA CEF Panel, 2010c).
The enzymes involved in the biotransformation pathways of CG 14 compounds have been detected in many species, including mammals, birds and fish, and are assumed to be present in all the target species. The enzymes include esterases, cytochrome P450 monooxygenase families (Nebbia et al., 2003; Ioannides 2006) , glycine-, glucuronide-methyl-and glutathione transferases (Watkins and Klaassen, 1986; Gusson et al., 2006) . Thus, it is expected that the target species are able to metabolise these compounds and no appreciable residues are expected to remain in the food products for consumers.
Toxicological studies
Toxicological data (subchronic, repeated-dose studies, with multiple doses tested) could be found for furfural [13.018] and furanmethanethiol [13.026].
For furfural [13.018], a no observed adverse effect level (NOAEL) was derived from a study in rats (males/females, 10 animals/group) in which microencapsulated furfural was administered with diet at nominal doses of 0, 30, 60, 90 and 180 mg/kg bw per day for 3 months. The measured doses were reported to be ~ 10% lower. In males, a decrease in red blood cell count was observed at 180 mg/kg bw per day, and increases in mean corpuscular volume and mean corpuscular haemoglobin from 90 mg/kg bw per day. At the highest dose tested (180 mg/kg bw per day) decreased alkaline phosphatase was observed in females, decreased alanine aminotransferase in males, increased gamma-glutamyl transferase in females, increased plasma levels of albumin in both sexes and decreased plasma levels of potassium in females. Increased liver weight was observed in males at 180 mg/kg bw per day. Gross examination at autopsy revealed no treatment-related changes. Microscopic examination showed hepatocellular alterations in males receiving 90 mg/kg bw per day, with increasing incidences and severity at 180 mg/kg bw. A NOAEL of 54 mg/kg bw per day was determined for furfural (Jonker, 1999) .
A NOAEL for furanmethanethiol [13.026] was derived from a 90-day study in rats given daily doses of 0, 1, 3 or 30 mg furanmethanethiol/kg bw by oral gavage (15 males/15 females per group). No effects were observed on clinical parameters (haemoglobin, packed cell volume, red blood cells, reticulocytes, neutrophils, eosinophils, lymphocytes and monocytes), renal function (urine: glucose, ketones, protein, blood, specific gravity, volume) and histological examination. At the highest dose tested, a decrease in the body weight was associated with a reduced feed intake. The lower body weight was associated with differences in organ weight, i.e. reduced absolute organ weight and increased relative values. Increased haemoglobin and packed cell volume were observed at the highest dose tested. Thus a NOAEL of 3 mg/kg bw per day was identified (Phillips et al., 1977 (Oser 1970, unpublished) . Both studies considered a number of endpoints (survival, behaviour, body weight, feed intake; haematology, clinical chemistry and urine analysis; 12 gross pathology and histopathology), were properly reported and showed no effects at the dose tested. For these reasons, the FEEDAP Panel concluded that a NOAEL could be derived from these studies, i.e. 0.29 mg/kg bw per day for bis-(2-methyl-3-furyl) disulfide [13.016] and 5 mg/kg bw per day for 2-methylfuran-3-thiol [13.055]. However, it should be noted that only one dose was tested leaving a great deal of uncertainty regarding the precision of this value.
Safety for the target species
The first approach to the safety assessment for target species takes account of the applied use levels in animal feed relative to the maximum reported exposure of humans on the basis of the metabolic body weight. Human exposure in the European Union (EU) to the individual compounds ranges from 0.27 to 440 µg/person per day (EFSA, 2009 , EFSA CEF Panel, 2010b . This corresponds to 0.013 to 20.4 µg/kg 0.75 per day. These exposure levels are considered safe for humans. Table 4 summarises the result of the comparison with human exposure for representative target animals. The body weight of target animals is taken from the default values shown in Table 5 . Table 4 shows that for all 13 compounds except furanmethanethiol [13.026] the intake by the target animals greatly exceeds that of humans, resulting from use in food. As a consequence, safety for the target species at the feed concentration applied cannot be derived from the risk assessment for food use for 12 of the 13 compounds under assessment. As an alternative, the maximum feed concentration that can be considered safe for the target animals can be derived from the lowest NOAEL if suitable data are available. Although human exposure to furanmethanethiol is higher than that calculated for salmonids, the FEEDAP Panel opts to use toxicological data in preference to extension from human exposure to determine safe levels for target species. Applying an uncertainty factor (UF) of 100 to the NOAELs, the maximum safe intake for the target species was derived for the compounds following the EFSA guidance for sensory additives (EFSA FEEDAP Panel, 2012a) , and thus the maximum safe feed concentration was calculated. The results for furfural and related compounds are summarised in Table 5 . For the 5 remaining compounds, toxicity studies performed with the additive under assessment were not available. Therefore, the threshold of toxicological concern (TTC) approach, currently applied to estimate the acceptable exposure level for humans, was followed to derive the maximum safe feed concentration (EFSA Guidance on sensory additives; EFSA FEEDAP Panel, 2012a For the remaining Cramer Class III compound methyl 2-methyl-3-furyl disulfide [13.079], the calculated safe use level is 0.08 mg/kg complete feed for cattle, salmonids and non-food producing animals and 0.05 mg/kg complete feed for pigs and poultry.
Conclusions on safety for the target species
The FEEDAP Panel concludes that: 
Safety for the consumer
The safety for the consumer of the compounds under assessment in CG 14 used as food flavours has already been assessed by JECFA (WHO, 2001 (WHO, , 2002 and EFSA (EFSA CEF Panel 2010b , 2011b Given the low use levels of CG 14 compounds to be applied in feed, and the expected metabolism and excretion in target animals (see Section 3.3.1), the FEEDAP Panel considers that the possible residues in food derived from animals fed with these flavourings would not appreciably increase the human intake levels of these compounds.
Safety for the user
No specific data on the safety for the user were provided. In the material safety data sheets 14 hazards for skin and eye contact and respiratory exposure are recognised for the majority of the compounds under application. Most are classified as irritating to the respiratory system.
Safety for the environment
The additions of naturally occurring substances that will not result in a substantial increase of the concentration in the environment are exempt from further assessment. Examination of the published literature shows that this applies to 5-methylfurfural [13.001] [13.128] ) occur in the environment at levels above the maximum application rate. These substances are therefore assessed in a predicted environmental concentration (PEC) calculation for soil (PEC soil ) arising from the application rate. When the calculations are performed according to the EFSA guidance (2008) with a fixed concentration in feed, there is a fixed order of PEC soil from each species, with the lamb being the most critical. (EFSA, 2008) . The PEC for pore water, however, is dependent on the sorption, which is different for each compound. For these calculations, the substance-dependent constants organic carbon sorption constant (K oc ), molecular weight, vapour pressure and solubility are needed. These were estimated from the Simplified Molecular Input Line Entry Specification (SMILES) notation of the chemical structure using EPIWEB 4.1 (Table 8) . 16 This program was also used to derive the SMILES notation from the CAS numbers. The K oc value derived from the first-order molecular connectivity index was used, as recommended by the EPIWEB program. The half-life (DT 50 ) was calculated using BioWin3 (Ultimate Survey Model), which gives a rating number. This rating number r was translated into a half-life using the formula by Arnot et al. (2005) :
DT 50 = 10 (-r  1. 07 + 4.12) This is the general regression used to derive estimates of aerobic environmental biodegradation halflives from BioWin3 model output.
Six substances in Table 7 have PEC pore water > 0.1 µg/L, two of them have also a PEC soil > 10 µg/kg. Therefore, these six substances are subjected to phase II risk assessment.
In the absence of experimental data, the phase II risk assessment was performed using ECOSAR v. 1.11, which estimates the half-maximal effective concentration (EC 50 ) for earthworms, fish, algae and Daphnia from the SMILES notation of the substance. The LC 50 and EC 50 values for acute toxicity (Table 9 ) divided by a UF of 1000 were much higher than the PEC values for soil and surface water for all compounds, indicating that there is no risk to the environment at the doses mentioned in Table 7 .
The use of all additives in fish feed in land-based aquaculture systems does not give a predicted environmental concentration of the additive (parent compound) in surface water (PEC swaq ) above the trigger value of 0.1 µg/L when calculated according to the guidance. For sea cages, a safe dose of 0.047 mg/kg feed was calculated according to the EFSA guidance (EFSA, 2008) . This dose would give a sediment concentration of 10 µg/kg, which is the threshold level of no concern.
Conclusions on safety for the environment
The concentrations considered safe for the target species (see Section 3.2.3) are unlikely to have detrimental effects on the terrestrial and freshwater environments. For the marine environment, the safe use level is estimated to be 0.05 mg/kg feed.
Efficacy

3.3.
Because all 13 compounds are used in food as flavourings, and their function in feed is essentially the same as that in food, no further demonstration of efficacy is necessary.
Conclusions
The FEEDAP Panel concludes that all compounds except 5-methylfurfural [13.001] No safety concern would arise for the consumer from the use of these compounds up to the highest safe level in feeds.
Hazards for skin and eye contact and respiratory exposure are recognised for the majority of the compounds under application. Most are classified as irritating to the respiratory system.
The concentrations considered safe for the target species are unlikely to have detrimental effects on the terrestrial and freshwater environments.
Because all the compounds under assessment are used in food as flavourings, and their function in feed is essentially the same as that in food, no further demonstration of efficacy is necessary.
In the absence of data on the stability in water for drinking, the FEEDAP Panel is unable to conclude on the safety or efficacy of the substances under this mode of delivery. 
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